Early life stress (ELS) is known to have considerable influence on brain development, mental health and affective functioning. Previous investigations have shown that alexithymia, a prevalent personality trait associated with difficulties experiencing and verbalizing emotions, is particularly related to ELS. The aim of the present study was to investigate how neural correlates of emotional experiences in alexithymia are altered in the presence and absence of ELS. Therefore, 50 healthy individuals with different levels of alexithymia were matched regarding ELS and investigated with respect to neural correlates of audio-visually induced emotional experiences via functional magnetic resonance imaging. The main finding was that ELS modulated hippocampal responses to pleasant (>neutral) stimuli in high-alexithymic individuals, whereas there was no such modulation in low-alexithymic individuals matched for ELS. Behavioral and psychophysiological results followed a similar pattern. When considered independent of ELS, alexithymia was associated with decreased responses in insula (pleasant > neutral) and temporal pole (unpleasant > neutral). Our results show that the influence of ELS on emotional brain responses seems to be modulated by an individuals degree of alexithymia. Potentially, protective and adverse effects of emotional abilities on brain responses to emotional experiences are discussed.
INTRODUCTION
Early life stress (ELS) is known to have a considerable influence on affective functioning (Cohen et al., 2006b; Pechtel and Pizzagalli, 2010) , personality (McFarlane et al., 2005 ) and brain development (Kaufman et al., 2000; Coplan et al., 2010) . Previous investigations, predominantly in individuals with major depression, reveal altered activation patterns in core emotional structures such as hippocampus, orbitofrontal cortex and amygdala to be associated with ELS (Teicher et al., 2003; Taylor et al., 2006; Pechtel and Pizzagalli, 2010) . On a behavioral level, early childhood adversities significantly increase the incidence rates of affective disorders such as depression (Heim and Binder, 2012) and can affect the development of emotional abilities, with alexithymia being one possible outcome (Freyberger, 1977; Kooiman et al., 2004; Lumley et al., 2007) . Alexithymia is associated with difficulties in identifying, decoding and communicating one's own emotional state (Franz et al., 2008) . It has also been shown to be a risk factor for various psychological (Taylor et al., 1997; Zackheim, 2007) , particularly affective disorders (Conrad et al., 2009; Leweke et al., 2012) . On a neural level, alexithymia has been linked to reduced functioning of structures important for emotion processing such as insula (Bird et al., 2010; Reker et al., 2010) , amygdala (Li and Sinha, 2006; Kugel et al., 2008) , parahippocampal gyrus (Reker et al., 2010) and anterior cingulate cortex (ACC; Berthoz et al., 2002; Leweke et al., 2004; Karlsson et al., 2008; Heinzel et al., 2010) in response to visual emotional stimuli.
A number of behavioral studies have been conducted to investigate the relationship between ELS and alexithymia to better understand their effects on affective functioning. The majority of studies on the interaction of ELS and alexithymia were completed in clinical samples in which alexithymia is a common phenomenon, mostly in participants with major depression (Honkalampi et al., 2004; Wingenfeld et al., 2011) , but also in substance-dependent patients (Evren et al., 2009) , in patients with post-traumatic stress disorder (PTSD; Zahradnik et al., 2009) , in patients with Borderline personality disorder (Zlotnik et al., 2001) and in a mixed population of psychiatric patients (Weber et al., 2008) . As Frewen et al. (2008) state in their meta-analysis of alexithymia in PTSD, the association of ELS and alexithymia might be represented best by a developmental model. According to this approach, attachment relationships provide a basis for the development of emotional awareness and expression during childhood. This basis can be disturbed by early traumatic experiences, such as abuse and neglect, facilitating the development of alexithymic tendencies. Recently, our group investigated a healthy, communitydwelling population (Aust et al., 2013) , showing that alexithymia is significantly related to the experience of emotional adversities during childhood. In addition, high-alexithymic individuals with a history of early emotional trauma showed specific patterns in experiencing emotions. Nevertheless, this interaction of alexithymia and ELS has only been described on a behavioral level so far. Given the influence of ELS on brain development and affective functioning as previously shown in clinical samples (Heim and Nemeroff, 2001; Hsu et al., 2010) , the absence of studies exploring neural correlates of emotional experiences in consideration of both alexithymia and ELS is surprising.
Thus, the aim of the present study was to investigate how neural correlates of emotional experiences in alexithymia are altered in the presence and absence of ELS. Using functional magnetic resonance imaging (fMRI), we investigated neural correlates of emotional experiences in healthy individuals with high and low levels of alexithymia matched with regard to ELS. Since previous neuroimaging studies conducted in alexithymic populations exclusively used visual stimulus material, we enhanced our fMRI design by presenting music simultaneously with human emotional faces to induce pleasant and unpleasant emotional experiences. Previous studies indicate that music can significantly increase the emotional potential of visual stimuli (Baumgartner et al., 2006; Eldar et al., 2007) . In addition to the strong behavioral effects of music, its processing involves multiple structures of the 'emotion network' such as insula, amygdala, hippocampus, orbitofrontal cortex and ACC (Blood et al., 1999; Eldar et al., 2007; Mitterschiffthaler et al., 2007; Juslin and Västfjäll, 2008; Koelsch, 2010) , which have previously been discussed in the context of alexithymia or ELS.
In accordance with previous research, we hypothesized that high degrees of alexithymia would be related to reduced activations in limbic structures such as insula or ACC. Based on previous behavioral results on the conjoint influence of ELS and alexithymia on experiencing emotions as described above, we hypothesized that early childhood adversities would be related to a specific neural signature in highalexithymic individuals that differs from neural correlates separately associated with alexithymia or ELS, reflecting a specific interaction of alexithymia and ELS on a neural level.
MATERIALS AND METHODS Participants
Fifty healthy right-handed German native volunteers with an age range between 22 and 55 years were investigated regarding alexithymia and ELS as well as behavioral and neural responses to pleasant and unpleasant emotional stimuli.
Procedure
The process of sample recruitment is described in detail elsewhere (Aust et al., 2013) . Twenty-five high-alexithymic (h-ALEX) and 25 low-alexithymic (l-ALEX) individuals from the healthy community-dwelling sample took part in the study. To investigate the specific role of ELS with respect to alexithymia, the two groups were matched regarding their experiences of ELS as measured via questionnaire and interview (see 'Measures' section). Therefore, we were able to test how ELS influences behavioral and neural correlates of emotional experiences in the presence and absence of alexithymia.
At a previous step of recruitment, diagnostic interviews (MiniInternational Neuropsychiatric Interview; Sheehan et al., 1998) had been conducted by a trained clinical psychologist. Participants with any current or lifetime psychiatric disorder, current intake of psychoactive medication, substance abuse, severe physical diseases or complaints were excluded from the study. Further criteria leading to exclusion were any neurological disorders, head trauma or surgery, ferromagnetic pacemakers or implants and claustrophobia. As depression seems to be particularly related to both ELS (Heim and Binder, 2012) and alexithymia (Honkalampi et al., 2004) , we controlled for depressive mood on the day of MRI assessment (see 'Measures' section). The study protocol was approved by the local ethics committee and carried out in accordance with the declaration of Helsinki.
Before participation, subjects completed an informed consent form and were educated about the course of the experiment. They also rated the music stimuli with respect to familiarity on a four-point scale (from 1 ¼ 'Never heard it before' to 4 ¼ 'I know this song, it is by [name of composer or interpreter]'). As familiarity decreases the arousal potential of an emotional stimulus (Schellenberg et al., 2008) and memory is known to affect the emotional value of music (Jäncke, 2008) , we controlled for familiarity and associated memory processes. None of our subjects was a professional musician or knew any of the experimental music stimuli. Participants then completed several test trials to get used to the experimental design outside the MR scanner.
The stimuli used in the test trials were not included in the final experiment to prevent familiarity effects. All subjects were reimbursed for participation.
Measures

Assessment of ELS
Early childhood adversities were assessed in retrospect using the Childhood Trauma Questionnaire (CTQ; Bernstein and Fink, 1998) with 28 items that are assigned to the following five subscales: emotional neglect, emotional abuse, physical neglect, physical abuse and sexual abuse. The CTQ has good psychometric qualities in clinical and nonclinical samples (Cronbach's > 0.83; Bernstein et al., 1994) . On the basis of CTQ total scores, we matched h-ALEX and l-ALEX participants regarding their history of ELS. Individual CTQ scores were reassessed by a 45 min face-to-face interview (Early Trauma Interview; Bremner et al., 2000) , which shows good convergent validity with the CTQ (r ¼ 0.72; Wingenfeld et al., 2010) .
Assessment of alexithymia
Alexithymia was assessed using the 20-item Toronto Alexithymia Scale (TAS-20; Bagby et al., 1994a) and the more detailed 40-item Bermond-Vorst Alexithymia Questionnaire (BVAQ; Vorst and Bermond, 2001 ). Both scales showed good psychometric qualities that have been investigated in healthy samples (TAS-20: Cronbach's > 0.80; Bagby et al., 1994b ; BVAQ: Cronbach's > 0.85; Vorst and Bermond, 2001 ). The TAS-20 includes three cognition-oriented subscales (difficulty describing feelings, difficulty identifying feelings and externally oriented thinking). The BVAQ consists of three cognitive and two affective subscales assessing the individual capacity of identifying, verbalizing and analyzing feelings as well as the capacity of emotionalizing and fantasizing. On both TAS-20 and BVAQ, high scores indicate high levels of alexithymia.
Assessment of depressive symptoms
We used the 21-item Beck Depression Inventory (BDI; Beck et al., 1961) to assess the current degree of depression. The BDI shows a good validity in differentiating between depressed and nondepressed subjects (Richter et al., 1998) . The cutoff point to exclude subjects with a clinically relevant depressive episode was 12 (Beck et al., 1988; Rush et al., 2006) . The questionnaire has been validated for use in German clinical and nonclinical samples (Kühner et al., 2007) .
fMRI
Stimulus material
We used music and human emotional faces to induce pleasant and unpleasant emotional experiences in our participants; neutral stimuli were used as a control condition. For visual stimulation, we used pictures of facial affect of the recently developed database 'FACES' (Ebner et al., 2010) , including naturalistic emotional faces of young, middleaged and older women and men that correspond well to the age distribution of our sample. Previous studies report an own-age bias in face recognition (Anastasi and Rhodes, 2006) , and face recognition, in turn, was shown to be essential for emotional contagion through others' facial expressions (Hatfield et al., 2009) . The chosen faces expressed joy (pleasant condition), fear (unpleasant condition) or showed a neutral expression (control condition). For auditory stimulation, we used music from different epochs and musical genres to induce pleasant (e.g. classical music, jazz, Irish dances) and unpleasant (music taken from horror movies) emotional experiences. Sequences of random tones were used as neutral control stimuli, carefully matched with each pleasant/unpleasant piece of music with regard to mean pitch, pitch variation, spectral complexity, instrumentation and tempo (beats per minute), because previous studies report an influence of these parameters on emotional responses (Khalfa et al., 2008) . The analysis of these parameters was completed using 'Essentia', an inhouse library for extracting audio and music features from audio files (http://mtg.upf.edu/technologies/essentia). We tested a large set of stimuli in a behavioral prestudy with 30 healthy low-alexithymic (TAS-20 < 45) volunteers who did not participate in the final fMRI study. The purpose was to exclude stimuli eliciting ambiguous emotional reactions and to select a homogeneous set of equally arousing stimuli with the best-possible distance on the valence dimension. Behavioral data reported in the 'Results' section show that the stimuli induced the intended emotional states in our study population.
fMRI design
We used a block design with the three conditions 'pleasant', 'unpleasant' and 'neutral'. One trial consisted of 30 s of stimulus presentation (one stimulus refers to one piece of music running simultaneously with a sequence of three face pictures, each presented for 10 s) followed by four ratings (3 s each), with a 2 and a 4 s pause before and after the rating period ( Figure 1 ). During these pauses, participants looked at a white fixation cross on a gray screen. Ratings were given according to the current emotional experience evoked by the stimuli and with respect to pleasantness, arousal, joy and fear on six-point scales ranging from 'very strong' (¼6) to 'not at all' (¼1). Therefore, a response box that participants operated with their right hand was implemented inside the scanner. The dimensions 'pleasantness' and 'arousal' were chosen according to Russell's model of core affect (Russell, 2003) . 'Joy' and 'fear' directly corresponded to the emotions induced by the stimuli. In addition, Galvanic Skin Responses (GSRs) running simultaneously with MR scanning were recorded with two electrodes on the inside of the participant's left index and middle finger using Brain Vision Recorder Software (Brain Products, Munich, Germany). The total duration per trial was 48 s and the experiment comprised three functional runs with 18 trials each. Total scanning time was 43.2 min.
Scanning procedure
Subjects were scanned in a 3 T Siemens Magnetom TimTrio system. Structural image acquisition consisted of 176 T1-weighted images with a slice thickness of 1 mm. Blood oxygenation-level-dependent (BOLD) contrast was obtained with an echo planar imaging sequence (TR ¼ 2000 ms, TE ¼ 30 ms, flip angle ¼ 908, field of view ¼ 192 mm).
Thirty-seven axial slices were acquired covering the whole brain (3 mm slice thickness). The orientation of slices was parallel to the AC-PC line. The experiment was programmed using Presentation (NeuroBehavioral Systems, Albany, CA, USA). The audio-visual stimuli were presented using goggles and noise shielded earphones by Visual Stim Digital for fMRI (Resonance Technology Inc., Northridge, CA, USA).
Analysis MRI data analysis MRI data were analyzed using the statistical parametric mapping software package (SPM 8, Wellcome Department of Cognitive Neurology, London, UK) implemented in MATLAB (version 2011a; The MathWorks Inc., Natick, MA, USA). Preprocessing of functional scans included realignment, motion correction, normalization (3 mm 3 ) into MNI space and smoothing using an 8 mm full-width at half-maximum Gaussian kernel. The experimental conditions were modeled with a boxcar function convolved with a hemodynamic response function in the General Linear Model of SPM. T-contrast images were calculated at the individual level regarding valence (e.g. pleasant > neutral). One-sample t-tests were used to evaluate the emotion inducing character of the stimulus material. Two-sample t-tests including covariates were calculated to test for group differences. Linear regression analysis was applied to investigate the influence of ELS in h-ALEX and l-ALEX individuals. A P-value < 0.05 was considered as statistically significant, false discovery rate (FDR) control was applied to correct for multiple comparisons.
Behavioral data analysis
Regarding GSR, we analyzed the amplitude (the difference between the first minimum and the first maximum after stimulus onset) and frequency of peaks after stimulus onset for the duration of 30 s using Brain Vision Analyzer 2 (Brain Products, Munich, Germany). Data from emotion ratings were analyzed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). In all analyses, a P-value < 0.05 was considered as statistically significant. If necessary, Bonferroni corrections were then used to counteract the problem of multiple comparisons.
RESULTS
Descriptive statistics
The mean age in the sample of 50 healthy volunteers was 34.1 years (s.d. ¼ 9.9). In the h-ALEX (N ¼ 25) group, participants (12 female, 13 male) had a TAS-20 total score above 60, in the low-alexithymic Fig. 1 fMRI design to audio-visually induce pleasant (shown in figure) and unpleasant emotional experiences.
ELS, hippocampus and emotion SCAN (2013) 3 of 8 group (l-ALEX; N ¼ 25), participants (12 female, 13 male) had a TAS-20 total score below 45. Since the two groups were matched regarding ELS, there were no differences in terms of CTQ or any of its five subscales. There were also no differences between h-and l-ALEX participants with regard to age, years of education and depression (after applying Bonferroni adjusted alpha-levels; see Table 1 ). Furthermore, there were no gender differences in either group on all reported measures. The overall correlation between the two alexithymia measures (TAS-20 and BVAQ total scores) was r ¼ 0.67 (Kendall's Tau; P < 0.001). Within the h-ALEX group only, ELS was associated with higher alexithymia scores (r ¼ 0.43; P < 0.05; BDI as a covariate), whereas there was no such association within the l-ALEX group. BDI scores did not differ between individuals with and without a history of ELS in neither of the groups.
Subjective rating of emotional experience
To test whether our stimuli induced the intended emotional states in our study population, a one-sample t-test (N ¼ 50) was applied. Physiological results GSR recordings were available for 21 subjects (12 h-ALEX and 9 l-ALEX). H-ALEX participants whose GSR data were available for analysis were representative of the whole h-ALEX group with respect to age (P ¼ 0.454), alexithymia (TAS-20: P ¼ 0.595; BVAQ: P ¼ 0.407), ELS (P ¼ 0.846) and depression (P ¼ 0.929). L-ALEX participants whose GSR data were available were also representative of the whole l-ALEX group (age: P ¼ 0.160; alexithymia: TAS-20: P ¼ 0.477, BVAQ: P ¼ 0.217; ELS: P ¼ 0.650; depression: P ¼ 0.860). Before analysis, each GSR data set was assigned to a new ID number by an independent research assistant to impose blinding on the researcher who analyzed GSR data (S.A.).
In response to pleasant and unpleasant (>neutral) stimuli, there were no differences between h-ALEX and l-ALEX individuals with respect to frequency of peaks or GSR amplitude (controlled for depression). In response to pleasant (>neutral stimuli), h-ALEX individuals with a history of ELS showed more peaks per trial (mean ¼ 2.47, s.d. ¼ 1.17) than h-ALEX individuals without such a history (mean ¼ 1.50, s.d. ¼ 0.88) (P < 0.001; BDI included as a covariate), whereas there were no differences regarding the GSR amplitude. Within the l-ALEX group, no differences between participants with and without a history of ELS were found.
fMRI results
We applied one-sample t-tests to clarify that our stimuli elicited emotional brain responses in the sample (N ¼ 50). Brain regions activated in response to pleasant (>neutral) stimuli were the superior temporal gyrus, Heschl's gyrus, occipital lobe, orbitofrontal cortex, hippocampus, temporal pole, parahippocampal gyrus and ACC (P < 0.05, FDR corrected; see Table 2 ). In response to unpleasant (>neutral) stimuli, there were stronger activations in the superior temporal gyrus, hippocampus, middle temporal gyrus, orbitofrontal cortex, amygdala and supplemental motor area (P < 0.05, FDR corrected; see Table 3 ). Note: Height and extend threshold: P < 0.05, FDR corrected on peak level and k ¼ 10 voxels. Note: Height and extend threshold: P < 0.05, FDR corrected on peak level and k ¼ 10 voxels.
To assess the influence of alexithymia on emotional brain responses, two-sample t-tests were performed with CTQ and BDI scores as covariates. Regarding pleasant (>neutral) stimuli, h-ALEX showed decreased responses in the right insula as compared to l-ALEX, whereas in response to unpleasant (>neutral) stimuli, h-ALEX showed decreased responses in the left temporal pole (Tables 2  and 3 ). Increased brain responses in h-ALEX as compared with l-ALEX individuals were found in neither contrast.
To investigate the specific influence of ELS on alexithymic brain responses, linear regression analysis was performed in the h-ALEX group (with BDI as a covariate). The analysis showed that 36% of the variance in hippocampal responses to pleasant (>neutral) stimuli was explained by ELS as measured by CTQ total score [ ¼ 0.60, R 2 ¼ 0.36, F (1,24) ¼ 11.69, P < 0.05, FDR corrected; see Figure 2 ]. To test whether this effect of ELS was specific for h-ALEX populations, we applied the same analysis in the l-ALEX group and did not find any significant voxels modulated by ELS. For brain responses to unpleasant (>neutral) stimuli, ELS did not explain any variance in either group (also tested at P < 0.05, FDR corrected).
DISCUSSION
The aim of the present study was to investigate how neural correlates of emotional experiences in alexithymia are altered in the presence and absence of ELS. To our knowledge, this is the first functional MRI study on emotional experiences to account for both ELS and alexithymia in healthy individuals. ELS explained 36% of the variance in hippocampal responses to pleasant (>neutral) emotional stimuli in h-ALEX, but not in l-ALEX individuals. A separate analysis of the effect of alexithymia revealed distinct alterations of limbic responses when controlling for ELS.
Our main finding is that ELS modulates hippocampal responses to pleasant emotional stimuli in h-ALEX individuals, whereas there was no such modulation in closely matched l-ALEX individuals with similar levels of experienced stress during childhood. Corroborating this finding, h-ALEX individuals with a history of ELS showed more peaks per trial in their GSR and report stronger fear responses to pleasant emotional stimuli than h-ALEX individuals without such a history. There is converging evidence that ELS can affect hippocampal development (Schore, 2001) : several preclinical studies support the idea that early exposure to elevated levels of the stress-related corticotropin releasing hormone leads to a degeneration of hippocampal neurons (Brunson et al., 2001) or has a direct neurotoxic effect on them (DeBellis et al., 2001; Chen et al., 2012) . Associations between reduced hippocampal volume and early stress exposure have been reported in different clinical, mostly depressed study populations (Vythilingam et al., 2002; Kitayama et al., 2005; Kronmüller et al., 2008) , suggesting an initially regular hippocampus with subsequent abnormal volumetric development after trauma exposure (Woon and Hedges, 2008) . In healthy study populations, however, results on ELS and the hippocampus are less clear (Heim and Binder, 2012) . Cohen et al. did not find any significant associations between reduced hippocampal volume and ELS in healthy participants (Cohen et al., 2006a) and at least two studies report significant associations of a hippocampal volume decrease and the experience of early emotional neglect (Edmiston et al., 2011) or ELS in general (Dannlowski et al., 2012) in healthy populations. To our knowledge, examinations of the neural effects of ELS in healthy individuals extending those structural findings to a functional level do not exist.
Our data show, for the first time in healthy individuals, that the effects of ELS on emotion-related hippocampal functioning are highly individual and need to be investigated in due consideration of trait variables that potentially moderate emotional functioning such as alexithymia. Still, the question arises how alexithymia modulates the behavioral and neural effects of ELS described above. Interpreting alexithymia as a potentially protective factor could be one possible approach. In h-ALEX individuals, the experience of ELS was positively related with hippocampal responses to pleasant stimuli, whereas no such effect was found for unpleasant stimuli. As a previous study in a sample of PTSD patients showed, changes in hippocampal activity can be a marker for recovery, implicating an involvement of the hippocampus in the process of successful adaptation on a functional level (Dickie et al., 2011) . Given that our participants primarily experienced ELS, hippocampus and emotion SCAN (2013) 5 of 8 early emotional traumatic events (emotional neglect and abuse; see Table 1 ) for an extended period of time, alexithymic tendencies, such as not attaching great significance to emotions, could have been developed to adapt to early childhood adversities. Thus, alexithymia might have averted further damage of hippocampal neurons in the face of enduring stress exposure, which is shown by increased responses to pleasant stimuli. In interviews on childhood adversities, many participants reported growing up in emotionally 'cold and distant' families with no value attached to emotions, to their expression and understanding. Adapting this attitude to protect oneself from feeling emotionally neglected and abused might have resulted in high-alexithymic features in these individualsan explanation along the same lines as the developmental model of alexithymia referred to in the 'Introduction' section. In addition to alexithymia, further factors might have played a protective role in these individuals. Future studies should investigate the influence of (epi)genetic factors such as hippocampal BDNF expression (Taliaz et al., 2011) and their interaction with alexithymia and early environmental factors to further develop this idea of 'emotional resilience' and to reveal its mechanisms on multiple levels. However, a second, probably more obvious approach could be interpreting high degrees of alexithymia as an additional stressor in individuals who experienced ELS. This might arise from the increased GSR and stronger reported experiences of fear in response to pleasant stimuli in h-ALEX individuals with a history of ELS as compared to h-ALEX individuals without such a history. This interpretation would follow a previous study of our group showing that ELS in h-ALEX individuals is related to a reduced acceptance of one's own emotions, stronger physical symbolizations of emotions as well as stronger deficits in emotion regulation (Aust et al., 2013) . Moreover, in the present study, ELS was positively related to alexithymia in the h-ALEX group, indicating that alexithymic levels rise with increasing levels of ELS. As our h-ALEX participants with a history of ELS showed the highest degrees of alexithymia, the presentation of pleasant stimuli could have evoked stronger experiences of fear as a consequence of participants' perception of not being emotionally moved by the stimulus material.
Looking at the discrete influence of alexithymia while controlling for ELS, our results show that alexithymia is associated with reduced activations in an 'emotion network' of insula and temporal pole in response to pleasant and unpleasant stimuli. The insular cortex plays an important role in mapping visceral states associated with emotional experiences, and thus is a relevant structure for both emotional and bodily awareness (Damasio, 1994; Craig, 2003; Philips et al., 2003; Terasawa et al., 2011) . Reduced activity in this region in response to pleasant stimuli might be related to less interoceptive awareness, less mapping of bodily feeling states and to a reduced representation of emotional arousal and feelings, with blunted emotional experiences as a consequence in h-ALEX individuals. Finding reduced insular activations follows previous studies on alexithymia in clinical samples where decreased activations in the insula were linked to reduced emotional awareness (Silani et al., 2008) . In addition, we found reduced left temporal pole activity in h-ALEX individuals in response to unpleasant stimuli. The temporal pole is often referred to as a paralimbic region (Mesulam, 2000) and has been described as an important area for the evaluation of emotional states and for accessing interoceptive body information and emotional memory (Koelsch, 2010; Terasawa et al., 2011) . Furthermore, the temporal pole is a region integrating current highly processed sensory stimuli and previously experienced emotional states, particularly in the context of facial emotion processing (Olson et al., 2007) and pleasant music (Brown et al., 2004) . Lesion studies report a decoupling of high-level perception with visceral emotional experiences in humans with temporal lobectomy (Lipson et al., 2003) .
Despite its obvious importance in emotional processing, temporal pole activations have mostly been neglected in discussions in favor of apparently more relevant areas such as the nearby amygdala or frontal regions (Olson et al., 2007) . We suggest that decreased temporal pole and insula activity could be indicative of an altered accessibility of emotional experiences and reduced emotional awareness in individuals with high-alexithymic features.
Finally, no differences between h-ALEX and l-ALEX participants were found with regard to self-reported emotional responses despite from clear differences in brain regions associated with experiencing emotions. A possible explanation could be that the task to evaluate one's own emotional responses might have been too difficult for h-ALEX individuals. As a result of experienced difficulties, h-ALEX participants could have done the ratings according to the emotion expressed by the stimuli instead of their own emotional experience.
Limitations
Alexithymia was assessed via self-report; however, it may limit an individual's capacity to answer items that partly require introspection and the ability to verbally express emotions (Stingl et al., 2008; Vanheule, 2008) . Structured interviews can help to overcome these difficulties, but there was no validated German version of the Toronto Structured Interview for Alexithymia (Grabe et al., 2009) available at the time of data acquisition. However, we did not solely rely on the TAS-20 but added the BVAQ, a more detailed, conceptually broader and widely used questionnaire in many studies on alexithymia.
The issue of alexithymia potentially affecting the validity of selfreport instruments also applies to the assessment of depressive symptoms via BDI. Although we did not find any significant differences between h-ALEX and l-ALEX individuals with regard to depression, we cannot preclude that alexithymia might have influenced an individual's perception of depressive symptoms. To minimize any effects of depression on our findings, we (i) conducted clinical interviews to exclude participants with any history or current episode of major depression and (ii) included individual BDI scores as a covariate in all analyses.
In addition, alexithymia itself might have led to an inaccurate interpretation of their childhood environment as negligent and unsupportive. However, the items of the CTQ are carefully worded and based on external behavior (e.g. People in my family called me things like 'stupid', 'lazy' or 'ugly'). Furthermore, to overcome possible difficulties of questionnaire assessment and misconstructions due to alexithymia, our subjects ran through a face-to-face interview to validate their individual scores of the CTQ. Participants were explicitly asked for examples of observable behavior to explain their experience of a negligent or abusive environment. In case of lacking consistency or missing examples, subjects were excluded from participation. Furthermore, participants' potential motivation to minimize difficulties within families was controlled by using the 'minimization and denial' subscale of the CTQ to exclude individuals with such tendencies.
When assessing ELS, the problem of recall biases and the nature of reconstructive memory (Hyman and Loftus, 1998) has to be solved. It is usually approached by including medical records in the process of data collection or by interviewing family members. Since emotional traumata mostly lack visible bodily injury, medical records from childhood would have been of limited use. In addition, many participants were not in regular contact with their families, so that family interviews would have been difficult to arrange and probably emotionally draining for our participants. Nevertheless, this limitation should be kept in mind when interpreting the data we presented here.
Regarding fMRI design, inducing emotional experiences in h-ALEX individuals using pictures of facial affect may interfere with difficulties identifying feelings in oneself and others, which is a characteristic feature of alexithymia. However, previous studies have shown that alexithymia is not related to problems in facial emotion recognition (Kessler et al., 2006; Montebarocci et al., 2011) . As McDonald and Prkachin (1990) stated in their pilot study on the expression and perception of facial emotion, alexithymia rather includes a deficit of nonverbal expression, which, as our data show, might be generated by a reduced accessibility of emotional experiences. Finally, to overcome potential shortcomings of visually induced emotions in alexithymic populations, we included musical stimuli to increase the emotional stimulation of our fMRI task.
CONCLUSION
Our results indicate that the influence of ELS on hippocampal responses to emotional stimuli is modulated by an individual's degree of emotional functioning. Personality traits, such as alexithymia, which are associated with a variety of alterations in emotional processes seem to alter emotional brain responses as a function of ELS. We strongly suggest that future studies investigate alexithymia and its neural correlates of emotional processes in consideration of early environmental factors. Whether alexithymia shows protective qualities in individuals with a history of ELS, or whether it is associated with stronger impairments and thus an increased risk for affective disorders as reported in multiple previous studies, are important questions that future studies need to clarify. Since previous research revealed anatomical alterations of the hippocampus in individuals with a history of ELS, we recommend investigating the joint influence of ELS and alexithymia on the hippocampal volume in healthy populations to enlighten the developmental pathways of emotional abilities on multiple levels.
